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technique seems, however, to carry a higher risk of perioper-
ative bleeding.
Our new inclusion technique combines several advan-
tages. All the sutures are placed above the aortic anulus,
facilitating the surgical approach, as with the Yacoub pro-
cedure. The aortic root is preserved, and therefore the spa-
tial organization of the three leaflets and their commissures
is minimally disturbed, facilitating understanding and
reconstruction. The size of the Dacron tube is selected sole-
ly on the basis of the measured diameter of the aortic anu-
lus and not on mathematical formulas, taking into account
the height of the leaflets and the length of their free mar-
gins. Hemostasis is ensured by the large bites of the run-
ning suture and furthermore by enclosing all the sutures
within the proximal aortic root. Finally, although the num-
ber of patients is still small, there have been no instances of
postoperative aortic valve regurgitation.
Among the three operations described for preserving the
aortic valve, only the David procedure could remodel the aor-
tic anulus. The Yacoub procedure and the present operation
are not designed to reduce the aortic anulus and therefore
share the same limitations concerning annuloaortic ectasia
and Marfan syndrome.
In conclusion, the Dacron tube inclusion technique seems
promising. Compared with the other techniques, it associates
the greater facility of a supra-annular suture line, an easier
reconstruction of the native aortic valve, and a secure hemo-
stasis. More cases will be needed to confirm the validity of
this novel approach.
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Table I. Patient demographics and operative data
No. of patients 5
Age (y) 46-67
Preop aortic insufficiency 1+ to 3+
Marfan syndrome 0
Bicuspid valve 1
Associated procedures
Coronary grafting 2
Arch replacement 1
Mitral repair 1
Aortic crossclamp (min) 95 ± 41
CPB time (min) 115 ± 25
Dacron diameter (mm) 26-32
ICU bleeding (mL) 730 ± 520
Postop aortic regurgitation 0 to trace
Deaths 0
Follow-up 2 mo to 3 y
Reoperation 0
CPB, Cardiopulmonary bypass; ICU, intensive care unit.
Spinal cord ischemic injury is one of the hazards of acute
aortic dissection. The following case report provides tentative
evidence that, in certain instances, spinal cord ischemia result-
ing from acute aortic dissection may be completely reversed
by therapeutic measures previously applied successfully to
prevent and/or treat spinal cord ischemia incident to resection
of thoracic and thoracoabdominal aortic aneurysms.
Clinical summary. A 57-year-old man had a history of
longstanding medically controlled hypertensive cardiovascu-
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lar disease. He had a brain stem stroke (dysconjugate gaze,
ataxia, and dysarthria) 81⁄2 years previously with complete
recovery. At approximately 8 PM on February 6, 1999, he had
the sudden onset of severe upper back pain. After being eval-
uated in the emergency department of his community hospi-
tal, he was transferred to Saint Luke’s Hospital. 
He was hypertensive (183/68 mm Hg), all extremity puls-
es were normal by palpation, and the neurologic examina-
tion showed no abnormalities. Chest and abdominal com-
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puted tomographic scans (with intravascular contrast medi-
um) revealed a limited secondary lumen of aortic dissection
filled by contrast medium at the level of the aortic isthmus.
Distally, the aortic wall was thickened by an intramural
hematoma to the level of the origin of the superior mesen-
teric artery (Fig 1).
After transfer to the intensive care unit the patient was
given intravenous drips of nitroprusside and labetalol. After 8
hours the labetalol drip was replaced with an esmolol drip.
After the intravenous antihypertensive regimen was begun,
the blood pressure was promptly brought under control and
his pain gradually resolved completely. At approximately 8
AM (8 hours after admission to the intensive care unit), weak-
ness of the left thigh and calf was noted. After progressing to
also involve the right leg, the weakness stabilized. A neurol-
ogist detected total leg paraparesis with left leg muscle
strength being graded 3/5 and right leg muscle strength 4/5 (5
being normal strength). Ankle reflexes were absent bilateral-
ly. No sensory loss was detected over the lower torso or legs;
there was no upper extremity weakness nor change in menta-
tion. The weakness persisted unchanged.
After placement of a small catheter in the lumbar sub-
arachnoid space, cerebrospinal fluid (CSF) drainage and an
intravenous naloxone drip (1 µg · kg–1 · h–1) were initiated
approximately 8 hours after the onset of paraparesis. Two
hours after initiation of CSF drainage the leg weakness began
to resolve, and within the subsequent 6 hours the patient’s
neurologic status had returned to normal. He could stand
without difficulty. The time course of these events is plotted
in Fig 2. The following day, transesophageal echocardiogra-
phy confirmed the presence of a blood-filled aortic dissection
limited to a few centimeters in the region of the aortic isthmus
with a thrombosed false lumen distally in the descending tho-
racic aorta.
The naloxone drip was discontinued after 21⁄2 days, and
CSF drainage was discontinued after approximately 31⁄2 days.
The patient’s leg strength remained normal. His subsequent
hospital course was unremarkable, and after being placed on
an oral antihypertensive regimen he was discharged 3 days
later receiving labetalol, nifedipine, and fosinopril. He has
remained in neurologically intact condition during the subse-
quent 10 months.
Comment. The relationship of the spinal cord perfusion
pressure to spinal cord ischemic injury has been elucidated
during the past 4 decades by experimental studies using var-
ious animal preparations.1-4 Although other mechanisms of
ischemic spinal cord damage undoubtedly exist, the impor-
tance of the residual spinal cord perfusion pressure during
interruption of aortic and/or parietal segmental (intercostal
and lumbar) arterial blood flow has been well documented by
these studies.
The rarity of spinal cord ischemic injury during clinical
“shock states” suggests that the spinal cord tolerates a rather
low perfusion pressure for significant periods of time.
Measurement of residual mean arterial pressure as lower tho-
racic intercostal arteries are ligated in animal preparations
reveals that there is usually no spinal cord ischemic injury if
the mean arterial back pressure remains above 35 mm Hg.3
Spinal cord ischemic damage usually occurs when the perfu-
sion pressure remains below this level.3,5 When blood flow
from an aortic segment to the spinal cord is interrupted, col-
lateral circulation to the spinal cord can theoretically be
increased by raising both the proximal and distal mean aortic
pressures. This would enhance the blood supply to the region
of the spinal cord excluded from direct arterial perfusion.5
Also, the perfusion pressure of a poorly perfused segment of
spinal cord can be favorably affected by decreasing the pres-
sure about the spinal cord by gravity drainage of the CSF,
thus creating a low ambient pressure in the subarachnoid
space that surrounds the spinal cord.5 In the early 1960s,
drainage of the CSF was shown to minimize ischemic spinal
cord injury in animals subjected to a standardized occlusion
of the thoracic aorta.1,2 Also, the use of a topically applied
vasodilator (papaverine) has been shown experimentally to
minimize or prevent spinal cord ischemia by increasing col-
lateral blood flow.6
The efficacy of hemodynamic manipulations during peri-
ods of compromised spinal cord perfusion has been more dif-
ficult to document clinically.7 The incidence of ischemic
spinal cord damage during resection of thoracoabdominal
aortic aneurysms can be correlated with certain nonhemody-
namic parameters such as extensiveness of the aneurysm, the
presence of associated aortic dissection, and the duration of
aortic crossclamping, thereby confounding evaluation of the
importance of the systemic or regional hemodynamic para-
meters.7-9 However, several large clinical experiences strong-
ly suggest that a number of measures that may favorably
modify the regional spinal cord perfusion are effective in
minimizing or preventing spinal cord ischemic injury during
resection of thoracoabdominal aortic aneurysms.4,6,8-11 These
include intraoperative (extracorporeal) bypass, high cardiac
Fig 1. Serial 2-cm “cuts” of the computed tomographic scan
of the descending thoracic and upper abdominal aorta reveal-
ing a contrast-filled aortic dissection limited to the region of
the aortic isthmus (see arrow on cut No. 1) with an intramur-
al (thrombosed) aortic dissection extending caudally to the
level of the superior mesenteric artery.
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output, high systemic blood pressure, sequential segmental
aortic exclusion with early revascularization of segmental
arteries, and CSF drainage, Also, the effectiveness of
hypothermia and/or blockade of ischemia-induced neuroexci-
tatory impulses in protecting neurons, in particular those of
the spinal cord, from ischemic damage has been demonstrat-
ed.12 Naloxone inhibits the effects of stress- and/or hypoxia-
induced release of spinal cord excitatory endorphins that
accentuate neuronal ischemic damage.8,9 Although this is
thought to be the mechanism of naloxone protection against
ischemic injury of the spinal cord, some other effect may be
operative.
The incidence of delayed paraparesis and/or paraplegia
after resection of thoracic or thoracoabdominal aneurysms is
significant.4,7 The patient is neurologically normal on awak-
ening from anesthesia, but lower body motor deficits develop
during the first few postoperative days. In a number of such
patients the initiation or reinstitution of CSF drainage and
continuous intravenous infusion of naloxone has been fol-
lowed by prompt reversal of the neurologic deficit.4,8,9 We
have observed this phenomenon on two occasions by reiniti-
ating CSF drainage and intravenous naloxone infusion after
late-onset spinal cord ischemic injury after resection of a tho-
racoabdominal aortic aneurysm.
Given the common etiology (regional hypoperfusion) of
spinal cord ischemic injury that results from acute aortic dis-
section and injury occurring incident to resection of thora-
coabdominal aortic aneurysms, it seems logical to apply the
same promising therapies where feasible. Obviously, raising
the systemic blood pressure in the presence of acute aortic
dissection may be hazardous due to the immediate risk of fur-
ther aortic dissection or aortic rupture. Ostensibly, CSF
drainage and intravenous naloxone can be administered with
low risk in the presence of acute aortic dissection.4 The opti-
mal duration of these interventions is not known. Animal
studies suggest that the collateral flow to the hypoperfused
region improves over several hours and perhaps over a num-
ber of days.3,13 A 3-day course of CSF drainage, as recom-
mended by Safi and associates,4 seems reasonable.
The incidence of spinal cord ischemia in patients with aor-
tic dissection is approximately 4%.14-16 Spinal cord ischemia
is possibly more frequently associated with type III aortic
dissections.15 The anterior spinal cord is often selectively or
more severely involved, such that sensation is preserved in
the lower extremities. The severity of the loss of motor func-
tion varies from mild to complete. The deficit may be perma-
nent, may gradually improve, or in some instances may be
transient, a syndrome perhaps best characterized as a spinal
cord TIA (transient ischemic attack).14,15
Our patient’s spinal cord ischemia might have resolved spon-
taneously, but we are struck by the rapidity of complete rever-
sal of his leg weakness. The only way to prove or disprove the
effectiveness of CSF drainage and systemic naloxone infusion
in spinal cord ischemia resulting from acute aortic dissection is
to analyze a large series of randomized cases. However, the
low frequency of such cases in most physicians’ experience
makes such a study impractical. Because paraplegia is such a
devastating complication and no treatment has been proved
effective, we believe that CSF drainage and naloxone infusion
should be given further clinical trial in the setting of spinal cord
ischemia caused by acute aortic dissection.
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